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MANAGING AND UNIFYING STRUCTURED 
REPRESENTATIONS OF PRODUCT 

INFORMATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t of US. Provisional 
Application No. 60/575,652, ?led May 28, 2004, entitled 
METHOD AND SYSTEM FOR MANAGING AND UNI 
FYING STRUCTURED REPRESENTATIONS OF PROD 
UCT INFORMATION, Which application is incorporated 
herein in its entirety. 

BACKGROUND 

The Widespread availability of computers and softWare 
applications has given organizations a powerful tool With 
Which to create and access information. Within one organi 
zation, product information may be structured by different 
groups such as marketing, sales, accounting, management, 
maintenance, manufacturing, engineering, research, procure 
ment, quality, analysis, and other branches of the organiza 
tion, based on their unique information perspectives. Product 
development organizations are challenged With unifying 
information from these multiple perspectives While reusing 
common information, variations Within these perspectives, 
and associated change revisions. What is needed, then, is a 
Way to easily de?ne, share, reuse, unify, and manage struc 
tured product information While accommodating the unique 
representational and process needs of different groups 
engaged in product lifecycle and business activities. Ideally, 
the Way Would provide an easy mechanism to reuse items as 
Well as relationships, While maintaining con?guration con 
sistency, information integrity, maximizing reuse, accommo 
dating variability, and ensuring process autonomy. 

SUMMARY 

Brie?y, aspects of the subject matter described herein 
relate to de?ning, sharing, unifying, and managing multiple 
structured representations of product information in the con 
text of business activities. A ?exible and adaptable con?gu 
ration management approach to establish and maintain a hier 
archically structured item con?guration that accommodates 
item and relationship reusability and multiple co-existing 
speci?cation perspectives is needed to streamline processes 
that rely on precise item information. De?ning a con?gura 
tion that is able to pick and choose from these multiple per 
spectives, for a given item context, in an easy-to-use manner, 
alloWs the company to maintain con?guration consistency 
and integrity While maximizing reuse and also accommodates 
variability While ensuring process autonomy. Aspects of the 
subject matter described herein provide an adaptable and 
controlling mechanism for precisely specifying product con 
?guration commitments against reusable items and relation 
ships While handling variability due to options, departmental/ 
disciplinary perspectives, change revisions, and the like. 

Based on the product lifecycle phase, different types of 
items may be of interest such as part de?nition items during 
detailed design, processes during manufacturing planning, 
modules, functions, and requirements during system engi 
neering, and serialized part instances during the in-service 
lifecycle phase. Aspects of the subject matter described 
herein are applicable to product representations that exhibit 
and reuse structured hierarchical decompositions and associ 
ated reusable information, such as system engineering hier 
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2 
archy structures, part speci?cations including bills-of-mate 
rials, mappings betWeen hierarchical structures such as the 
mapping functional models and the resulting behavioral mod 
els, and the like. 

Aspects of the subject matter described herein are also 
relevant to the management of product architectures, Which 
are modularity schemes by Which functional elements of a 
product are arranged into physical building blocks made up of 
parts. Product architectures capture functional breakdowns of 
the product, modular system decompositions, and mappings 
betWeen functions and their realizations. Product architec 
tures also facilitate knoWledge capture, reuse, and system 
engineering business processes by integrating multi-disci 
plinary perspectives and accommodate variability due to 
options and dependency mappings betWeen requirements and 
realizations (e.g., requirements to behavior, function to 
design, design to test, and the like) to enable quality pro 
cesses. Product architectures enable process independence 
for the parties involved in contributing to the architecture, 
While enhancing consistency. Aspects of the subject matter 
described herein also enable computerized support for prod 
uct architecture management. 

In aspects of the subject matter described herein, precise 
structured representations of a part in support of different 
perspectives are consolidated under a common part de?ni 
tion. For example, a part may consolidate the engineering 
design and the corresponding manufacturing plans Whose 
bills-of-material are represented by hierarchical structures. 

In other aspects of the subject matter described herein, 
product variability such as alternative con?gurations repre 
senting different options, Work in progress variations, and the 
like are uni?ed under a common item de?nition. This is useful 
in maintaining product de?nition over time and enables 
manufacturing initiatives such as mass customization. 

In other aspects of the subject matter described herein, neW 
item con?gurations may be de?ned from existing item con 
?gurations by making commitments to other con?gurations 
Within the existing item con?guration. For example, a vehicle 
platform engineer may reuse a vehicle product architecture 
that includes options for automatic and manual transmis 
sions, noting platform-speci?c con?guration variations (au 
tomatic transmission rather than manual transmission), and 
augment it With platform- speci?c information to de?ne a neW 
con?guration. 

In other aspects of the subject matter described herein, 
users Working from a givenperspective may evolve and revise 
their con?guration based on their oWn unique processes, 
While reusing and co-existing With related dependent con 
?gurations from different perspectives. For example, a modu 
lar system engineering hierarchical representation that real 
izes a functional breakdoWn structure may be revised 
multiple times to optimize for different modularization strat 
egies While retaining critical functional dependencies With 
traceability. 

In yet other aspects of the subject matter described herein, 
users may establish traceability statements that de?ne hoW 
items from one perspective reference items Within another 
perspective. This may be done by storing relationships 
betWeen item speci?cations that indicate hoW items in one 
item speci?cation are derived from items in another item 
speci?cation. For example, the items Within the functional 
decomposition representing the systems design perspective 
may reference items Within the requirements decomposition 
representing the requirements perspective. Alternatively, 
parts Within the bill of materials in a manufacturing perspec 
tive may reference parts Within the bill of materials in an 
engineering perspective. Such referencing may provide infor 
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mation as to hoW a change may impact various perspectives 
and hoW changes may be propagated across items. 

Through these clear, concise, and valid con?guration de? 
nitions, organiZations bene?t through reduced errors and 
elimination of non-value-added Work, resulting in stream 
lined processes. 

This Summary is provided to brie?y identify some aspects 
of the subject matter that is further described beloW in the 
Detailed Description. This Summary is not intended to iden 
tify key or essential features of the claimed subject matter, nor 
is it intended to be used to limit the scope of the claimed 
subject matter. 
The phrase “subject matter described herein” refers to sub 

ject matter described in the Detailed Description unless the 
context clearly indicates otherWise. The term “aspects” 
should be read as “one or more aspects”. Identifying aspects 
of the subject matter described in the Detailed Description is 
not intended to identify key or essential features of the 
claimed subject matter. 

Other aspects Will become apparent from the folloWing 
Detailed Description When taken in conjunction With the 
draWings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is block diagram representing an exemplary UML 
class diagram shoWing classes and relationships betWeen an 
item, its taxonomy, and its speci?cation in accordance With 
aspects of the subject matter described herein; 

FIG. 2 is a block diagram representing an exemplary appli 
cation of the UML model of FIG. 1 in accordance With vari 
ous aspects of the subject matter described herein; 

FIG. 3 is block diagram representing an exemplary UML 
object diagram that shoWs business objects as a speci?c 
instantiation of the class diagram shoWn in FIG. 2 in accor 
dance With various aspects of the subject matter described 
herein; 

FIG. 4 is a block diagram representing another exemplary 
application of the UML model of FIG. 1 in accordance With 
various aspects of the subject matter described herein; 

FIG. 5 is block diagram representing exemplary business 
objects as a speci?c instantiation of the class diagram shoWn 
in FIG. 4 in accordance With various aspects of the subject 
matter described herein; 

FIG. 6 is a block diagram representing another exemplary 
application of the UML model of FIG. 1 in accordance With 
various aspects of the subject matter described herein; 

FIG. 7 is a UML activity diagram in accordance With 
various aspects of the subject matter described herein; and 

FIG. 8 is a block diagram generally representing an envi 
ronment to Which aspects of the subject matter described 
herein may be applied. 

DETAILED DESCRIPTION 

In the folloWing detailed description of exemplary embodi 
ments of the invention, reference is made to the accompanied 
draWings, Which form a part hereof, and Which are shoWn by 
Way of illustration, speci?c exemplary embodiments of 
Which the invention may be practiced. These embodiments 
are described in su?icient detail to enable those skilled in the 
art to practice the subject matter described herein, and it is to 
be understood that other embodiments can be utiliZed, and 
other changes can be made, Without departing from the spirit 
or scope of aspects of the subject matter described herein. The 
folloWing detailed description is, therefore, not to be read as 
limiting the scope of the claimed subject matter. 
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4 
FIG. 8 is a block diagram generally representing an envi 

ronment to Which aspects of the subject matter described 
herein may be applied. The environment includes pens 805 
and 815, revisions 845, and perspectives 850. In one embodi 
ment, the pen 805 comprises a lead container 820 and a cap 
830 While the pen 815 comprises the cap 830 and an ink 
container 825. Speci?cations (also referred to as “de?ni 
tions”) may be created to describe the various objects of the 
environment and may be provided from various perspectives 
850. For example, the design speci?cation for the pen may 
include a bill of material noting the functional component 
parts of the pen, a geometry model, a material speci?cation, a 
?nish speci?cation, and the like. Typically, the manufacturing 
speci?cation for the pen complies With the design speci?ca 
tion and may augment it With a bill of material re?ecting the 
process plan, process instructions, tool set up instructions, 
and the like. 
A pen may comprise a bill of materials or assembly that 

includes one or more parts. When a part (e.g., cap 830) is 
changed in a manner that still complies With the form, ?t, and 
function of that part, a company may indicate that the part has 
undergone a revision. In some management systems this may 
be indicated by a revision number of a speci?cation for the 
part. If the part (e.g., cap 830) may be used With a different 
pen (e.g., pen 805), a data structure may be created that alloWs 
one to query for all pens associated With the part. 

Speci?cation variations may serve different intents. An 
example of a variation is a revision to the original speci?ca 
tion to improve the part’s performance Without violating its 
form, ?t, or function. Another example of a variation is the 
Way the cap 830 is made at different manufacturing sites 
Which may vary even though the design speci?cation may be 
the same (e. g., because of local suppliers and manufacturing 
processes). In yet another example the cap 830 may include 
multiple variations red 835 and blue 840 that use a common 
speci?cation for the cap. 

In addition, the cap 830 may be de?ned differently based 
on a perspective. A perspective may comprise a marketing, 
sales, accounting, management, maintenance, manufactur 
ing, engineering, research, procurement, quality, analysis, 
and the like perspective. One or more perspectives (e. g., 
manufacturing) may have variations based on location (e. g., 
site). For example, the manufacturing de?nition for a part 
made Within the manufacturing plant at a Korean site may be 
different from the manufacturing de?nition for the same part 
made Within the manufacturing plant at an Ohio site. Each 
perspective and variation thereof may be associated With a 
different revision (e.g., one of revisions 845). Furthermore, 
perspectives may change revisions autonomously from each 
other. For example, the revision of a design perspective for the 
cap 830 may change independently from a manufacturing 
perspective for the cap 830 at the same site, and vice versa. 

In more complicated assemblies a product may be com 
prised of parts that are comprised of parts that are comprised 
of additional parts and so forth. Each part at each level may be 
associated With different perspectives and revisions. With 
these various perspectives and revisions, manually determin 
ing and tracking the makeup of a part may be very dif?cult. 

To deal With this complexity, a data structure in accordance 
With the UML diagram described in conjunction With FIG. 2 
may be created to associate a part and its subassembly parts 
With perspectives and revisions so that the part and its subas 
sembly parts may be unambiguously speci?ed. Associating 
the part and its subassembly parts With perspectives and revi 
sions is sometimes referred to a making one or more commit 
ments (e.g., one commitment for each part or subassembly 
part for Which one or more speci?cations exist). 
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A similar data structure in accordance With the UML dia 
gram described in conjunction With FIG. 1 may be created to 
associate an item and its subitems With perspectives and 
documents so that the item and its subitems may be unam 
biguously speci?ed. 

Similarly, a data structure in accordance With the UML 
diagram described in conjunction With FIG. 6 may be created 
to unambiguously specify the behavior of a function Within a 
product architecture. 

Uni?ed modeling language (UML) class and activity dia 
grams are used to assist in describing various aspects of the 
subject matter described herein. UML syntax is described in 
UML Distilled: A Brief Guide to the Standard Object Mod 
eling Language by Martin Fowler, Addison-Wesley, Boston, 
Mass., 2004, Which is hereby incorporated by reference to the 
extent that it does not contradict anything herein. 

FIG. 1 is a block diagram representing an exemplary UML 
class diagram shoWing classes and relationships betWeen an 
item, its taxonomy, and its speci?cation in accordance With 
various aspects of the subject matter described herein. An 
item speci?cation is an aggregation of an item structure and 
related documents in accordance With various aspects of the 
subject matter described herein. The item’ s speci?cation fur 
ther re?nes the item structure by identifying for each item 
Within the structure, the corresponding item speci?cation, 
Which is applied recursively through the resulting hierarchy. 
An item 1 represents information and a process of a real 

World or conceptual abstraction that is of importance to a 
business in the context of executing and planning functions. 
Such functions may relate to one or more product life phases 
and may encompass both the information and the process 
de?nition. For example, an item 1 may represent a physical 
element such as a part de?nition, a sub-assembly, an instance 
of a given part (also knoWn as a serialized part), and the like. 
An item 1 may also represent functional elements, logical 
modules, and the like. An item 1 may be uniquely identi?ed 
by an identi?er and descriptive attributes such as name, sta 
tus, and the like. An item 1 is classi?ed by its item type 2, 
Which may include a hierarchical classi?cation system. An 
example of an item 1 is a part having a part number and 
company name as its unique identi?er. An item 1 may have 
Zero, one, or more item structures 6 that de?ne the item 1’s 
decomposition structure. An item 1 may reuse another item 
by including it Within its item structure 6. For example, an 
item 1 may reuse a part hierarchy such as a bill-of-material, a 
modular decomposition of a product, and the like. Typically, 
users are required to folloW speci?c rules relative to de?ning 
and changing the item 1’s information during business pro 
cess execution. 

A managed speci?cation 3 is a con?guration controlled 
object that is identi?ed by a composite key that may include 
its identity, revision, clari?cation, and attributes such as 
name, state, phase, and the like. Users may be required to 
folloW speci?c rules relative to creating, accessing, revising, 
clarifying, and changing information associated With a man 
aged speci?cation 3 during business process execution. 
An item 1 may have one or more item speci?cations (item 

specs) 4, each of Which is uniquely identi?ed Within the 
context of the item 1. An item spec 4 is a type of managed 
speci?cation 3 and may be classi?ed by an item perspective 5, 
Which establishes a speci?c vantage point and representation 
relative to an item 1. For example, a part item may have one or 
more engineering, manufacturing, and procurement speci? 
cations for the corresponding engineering, manufacturing, 
and procurement perspectives. 
An item spec 4 references a reusable item structure 6 and 

one or more documents 7 related through a document rela 
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6 
tionship 9. A company may introduce business rules to 
specify the item types 2, item perspectives 5, and document 
types 8 that are valid for a speci?c item spec 4, based on that 
item spec’ s item perspective 5 and corresponding item type 2. 
For example, a “manufacturing” item perspective for an 
“assembly” item type may only reference “assembly” and 
“component” item types Within its item structure, and “manu 
facturing”, “engineering” or “purchasing” item perspectives, 
and not “model” item types or “marketing” item perspectives. 
A document 7 is a uniquely identi?ed object With meta 

data and associated contents and is classi?ed by its document 
type 8. For example, a document 7’s associated contents may 
include a scanned paper document, an electronic ?le, a record 
in a database, an information structure that represents infor 
mation about products, processes, or projects, and the like. 
The item spec 4 may have a document relationship 9 that 
relates directly to a speci?c document revision or to a docu 
ment 7 based on an applicability policy. The applicability 
policy is a business rule on document relationship 9 that states 
hoW the item spec 4 and the document 7 are related. An 
example of an applicability policy is a statement that a spe 
ci?c revision of the document 7 relates to the item spec 4; 
another example is a statement that the latest revision of a 
document 7 relates to the item spec 4. 

The usage of items Within the item structure 6 may be 
quali?ed by an item usage 10, Which may specify attributes 
such as quantity and the like. 
The item spec 4 also de?nes item-structure commitments 

11. These item-structure commitments 11 are relationships to 
item specs 4 Within the items 1 referenced by the item struc 
ture 6 associated With the item spec 4 through one or more 
child item speci?cation commitments 12. Since an item 1 
may have several item specs 4 corresponding to different 
perspectives and revision levels, an item speci?cation com 
mitment establishes a relationship to a speci?c item speci? 
cation based on an applicability policy. This applicability 
policy is a business rule that states hoW the item-structure 
commitments 11 re?nes each item usage 10 With child item 
speci?cation commitments 12 that state Which item spec 4 
should be used for the given item usage 10’s context. An 
example of an applicability policy is a statement that a spe 
ci?c revision of the item spec 4 relates to the item-structure 
commitments 11; another example is a statement that the 
latest revision of an item spec 4 relates to the item-structure 
commitments 1 1. These commitments may be one level (shal 
loW) or many levels (deep). 

In the case of shalloW (single-level) commitments, the item 
spec 4 contains item-structure commitments, Which further 
quali?es each item usage 10 referenced by the item spec 4’s 
item structure 6, With a child item speci?cation commitment 
12 that references one of the item specs 4 associated With the 
item 1 referenced by the item usage 10. 

In the case of deep (multi-level) commitments, the item 
spec 4’s item-structure commitments 11 qualify each item 
usage 10 associated With the immediate item spec 4’s item 
structure 6’s item usage or item usages 10 associated With an 
already committed item 1’s item spec 4’s item structure 6. 
The quali?cation is in the form of a child item speci?cation 
commitment 12 that references one of the item specs 4 asso 
ciated With the item 1 referenced by the item usage 10. 

A child item speci?cation commitment 12 supports an 
applicability policy that speci?es hoW a system should deter 
mine the speci?c revision of the referenced item spec 4. An 
example of an applicability policy is to track to the latest item 
spec 4 at a given state (e.g., in a released state) or resolve to the 
speci?c revision of the item spec 4. 
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Also shown is a generalized type de?nition classi?cation 
hierarchy 13 that generalizes the item type 2, the item per 
spective type 5, and the document type 8. 
A system operating in accordance With aspects of the sub 

ject matter described herein may use these items, relation 
ships, and business rules to implement a method to establish 
and maintain a concise and precise con?guration de?nition 
from one or more perspectives. 

The UML model shoWn in FIG. 1 may be used in conjunc 
tion With multiple phases of product development lifecycle 
such as systems engineering, detail designpart de?nition, and 
the like. The data structure uni?es multiple representations 
from different perspectives 5 With precise relationships to 
reusable items (e.g., item structure 6, document relationship 
9, item usage 10, item-structure commitments 11, and child 
item speci?cation commitment 12) under a common item 
de?nition (e.g., item 1). The UML model may also be used to 
consolidate product variability such as alternative con?gura 
tions and options under a common item 1. Consolidating 
product variability is particularly useful to implement prod 
uct families, Which is a key element of mass customization. 
NeW item con?gurations may reuse existing item specs 4. 
Additionally, each item spec 4 may be controlled indepen 
dently, i.e., it may be created and evolve independently and 
folloW its oWn, unique, autonomous process. Dependencies 
betWeen different item specs 4 are maintained through a 
structure implemented in accordance With the UML model 
shoWn in FIG. 1 to ensure data integrity and traceability. This 
is enabled by the revision control behavior for managed 
speci?cations 3. 

FIG. 2 is a block diagram representing an exemplary appli 
cation of the UML model of FIG. 1 in accordance With vari 
ous aspects of the subject matter described herein. The appli 
cation may be used, for example, to de?ne and manage part 
con?guration information and may be applied during the 
detail design stages of product development Where the part 
de?nition is precisely established and communicated 
betWeen design and manufacturing and other disciplines. 
Each discipline may establish its autonomous de?nition, 
based on its oWn perspective. For example, the manufacturing 
Part Speci?cation may be created from the design Part Speci 
?cation. Subsequent changes to the design Part Speci?cation 
may be propagated to the manufacturing Part Speci?cation, 
While the manufacturing Part Speci?cation is free to evolve 
autonomously to accommodate manufacturing-speci?c 
needs. Flexible Part speci?cation commitments for assembly 
structures delivers a system and method to de?ne, unify, 
reuse, and autonomously manage product con?gurations 
relative to multiple perspectives, alternative product offer 
ings, and change revisions. 

The nomenclature in FIG. 2 introduces classes such as Part 
201, Part Speci?cation 204, Part Structure 206, and Part 
Usage 210, Part Structure Commitments 211, Part Usage 210, 
Child Part Speci?cation Commitment 212, Document 207, 
has Document relationship 209, Part Type 202, Part Spec 
Perspective 205, Document Type 208, Type De?nition 213, 
and Managed Speci?cation 203 and folloWs the model shoWn 
in FIG. 1. An instantiation of this class diagram is shoWn in 
FIG. 3, Which represents an object diagram. FIG. 3 shoWs that 
Part12 305 has tWo Part Speci?cations to represent the design 
and manufacturing perspectives. The Design Part Speci?ca 
tion 310 has a Part Structure 320 that uses Part:Part1 330 and 
Part:Part2 335, each of Which has its oWn Design (340, 350) 
and Manufacturing (345, 355) Part Speci?cation. Part: 
Part12’s Design Part Speci?cation 310 references Part:Part1 
and Part:Part2’s Design Part Speci?cations (340, 350), While 
Part Part:Part12’s Manufacturing Part Speci?cation 315 ref 
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8 
erences PartzPartl’s and Part:Part2’s Manufacturing Part 
Speci?cations (345, 355). Part:Part12 305 references its child 
Part’s Part Speci?cations (340, 345, 350, 355) through its 
Design and Manufacturing Part Structure Commitments 
(360, 365), Design and Manufacturing Part Structure (320, 
325), Design and Manufacturing Part Usage (370, 375, 380, 
385), Design and Manufacturing Child Part Spec Commit 
ments (390, 392, 395, 397) respectively. Through these clear, 
concise, and valid con?guration de?nitions, organizations 
can unify multiple con?gurations for different groups While 
retaining group autonomy. This results in reduced errors, 
elimination of duplicate Work, and streamlined processes 
through ef?cient change propagation and enhanced reuse. 

FIG. 4 is a block diagram representing another exemplary 
application of the UML model of FIG. 1 in accordance With 
various aspects of the subject matter described herein. The 
application may be used to manage systems engineering hier 
archies and may be applied during the early stages of product 
development Where modular product architectures are estab 
lished to promote reuse. For example, different types of mod 
ules may be established With Well-de?ned interfaces resulting 
in a product architecture and may be reused for a particular 
application. The nomenclature in FIG. 4 introduces classes 
such as Module 401, Model Speci?cation Package 404, Mod 
ule Structure 406, Module Usage 410, and Module-Structure 
Commitments 411, Module Usage 410, Child Model Speci 
?cation Commitment 412, Document 407, has Document 
relationship 409, Module Type 402, Model Speci?cation Per 
spective 405, Document Type 408, Type De?nition 413, and 
Managed Speci?cation 403 and folloWs the model shoWn in 
FIG. 1 . An instantiation of this class diagram is shoWn in FIG. 
5, Which illustrates an example that may be used in the auto 
motive domain. In FIG. 5, a Vehicle product architecture is 
represented by a Vehicle module 500 and its Model Spec 
package 505 and associated Module structure. The Vehicle’s 
Reference Model Spec Package 505 is composed of a Trans 
mission 510 and Engine 520, each of Which has a correspond 
ing Model Spec Package (515, 525). The Transmission 
Superset Model Spec Package 515 lists valid alternatives as 
Module Manual Transmission 530 and Module Automatic 
Transmission 540. The Manual Transmission 530 has mul 
tiple Model Spec Packages (535, 537) for different simulation 
perspectives (e. g., Fuel Economy and Drivability model). The 
Automatic Transmission 540 model also has multiple Model 
Spec Packages (545, 547, 549) for different simulation per 
spectives (e.g., Fuel Economy, Drivability model, and Ride 
and Handling model). FIG. 5 also shoWs that “Module: 
Vehicle Platform X” 550 establishes a Model Spec Package 
for a Fuel Economy Application Study 555 that reuses the 
Vehicle Module 500 and speci?cally references the Engine’s 
Performance Model Spec Package 525 and the Transmis 
sion’s Superset Model Spec Package 515. Within the Trans 
mission’s Superset Model Spec Package 515, the Vehicle 
Platform X Fuel Economy Application Study 555 further 
re?nes its commitments (by setting commitments to deep 
commitments as described in conjunction With FIG. 1) and 
selects the Manual Transmission Module’s Fuel Economy 
Model Spec Package 535. The Vehicle Platform Y 560 can 
autonomously de?ne a Model Spec Package 565 for a Driv 
ability Application Study that uses the Vehicle Module 500 
product architecture and speci?cally references the Engine’s 
Performance Model Spec Package 525 and the Transmis 
sion’s Superset Model Spec Package 515. Within the Trans 
mission’s Superset Model Spec Package 515, the Vehicle 
PlatformY Drivability Application Study 565 further re?nes 
its commitments (by setting commitments to deep commit 
ments) and selects the Automatic Transmission Module’s 
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Drivability Model Spec Package 547. This example illus 
trates the use of deep commitments to gradually de?ne the 
con?guration by selecting lower level Model Spec Packages 
for modules that are Within a previous module structure com 
mitment’s decomposition. 

FIG. 6 is a block diagram representing another exemplary 
application of the UML model of FIG. 1 in accordance With 
various aspects of the subject matter described herein. In FIG. 
6 the allocation of function to behavior Within a product 
architecture is illustrated. In this model, three types of Items 
are recognized: Function 620, 640, Module 660, and Module 
Function Cross-Reference 600. The Module-Function Cross 
Reference Speci?cation 610 has an autonomous process and 
captures dependencies betWeen the Module P’ s Model Speci 
?cation Package Model P1 670 and the speci?c function that 
this Module implements, namely Function X 620’s Function 
Speci?cation Package Model X1 630 and FunctionY 640’s 
Function Speci?cation Package Model Y1 650. Conse 
quently, it is possible to manage and track dependencies 
betWeen Functions and Modules.Additionally, there is a clear 
basis for understanding the Module P 660’s basis for exist 
ence (to implement Function X 620 and Function Y 640). 
Each of these Speci?cation Packages 610, 630, 650, 670 can 
evolve autonomously; hoWever, there is visibility of depen 
dencies so that processes can execute accurately based on this 
knoWledge. The Item Structure associated With the Item 
Speci?cation serves as an important cross-referencing 
mechanism Whereby Items referenced by one Item Speci? 
cation may be allocated to Items referenced by another Item 
Speci?cation. Such cross-referencing provides useful consis 
tency, integrity and completeness of the architecture Whether 
it relates Item Speci?cations Within the same Item or Item 
Speci?cations across different Items. An example of the 
former case (Part Speci?cations Within the same Part) is the 
case of engineering and manufacturing bill of material rec 
onciliation for the same part or assembly folloWing a restruc 
turing of the engineering bill of materials into a manufactur 
ing bill of materials to meet manufacturing process needs. An 
example of the latter case (Item Speci?cations across differ 
ent Items) has been discussed above in conjunction With FIG. 
6. These examples illustrate hoW the subject matter described 
herein alloWs multiple representations to autonomously co 
exist under a uni?ed structure and also provides a degree of 
traceability and accountability in product de?nition and 
elaboration through the product lifecycle. 

FIG. 7 is a UML activity diagram in accordance With 
various aspects of the subject matter described herein. At 
block 71, the user creates or edits an item (e.g., Item 1 of FIG. 
1) and assigns its item type (e.g., item type 2 of FIG. 1) and 
also creates or edits an item speci?cation (e.g., item spec 4 of 
FIG. 1). The item speci?cation is uniquely identi?ed Within 
the context of an item and is quali?ed by an item perspective 
(e.g., item perspective 5 of FIG. 1), Which de?nes its usage 
applicability (e. g., engineering, manufacturing, procurement, 
marketing options, and the like) and the level of child part 
speci?cation commitments permitted (e.g., shalloW or deep). 
The user de?nes the item speci?cation by populating the 
corresponding attributes and adds documents along With an 
applicability policy (e.g., documents 7 and document rela 
tionship 9 of FIG. 1). 

At block 72, the user de?nes the item structure (e.g., item 
structure 6 of FIG. 1). At block 73, the user adds one or more 
items to the item structure resulting in neW item usages (e.g., 
item usages 10 of FIG. 1). This is done as folloWs: 

73.1: Existing items Within the system are reused in de?n 
ing the item structure; and/or 

73.2: NeW items are de?ned and used in the item structure 
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10 
At block 74, if no additional items speci?cation quali?ca 

tion is required, then the speci?cation is complete. An 
example of this includes the use of an item that has no item 
speci?cation such as standard components that typically ref 
erence supplier catalogues. If additional quali?cation is 
needed, the user proceeds to block 75. 

Since an item may contain multiple item speci?cations of 
different identity, perspective, and revisions, in block 75 the 
user is presented With a list of existing items speci?cations for 
each selected item in the items structure based on Which the 
corresponding item speci?cation is selected and committed to 
the item-structure’s commitments (e.g., item-structure com 
mitments 11 and child item speci?cation commitment 12 of 
FIG. 1). The folloWing identi?cation is made for each child 
item speci?cation commitment (e. g., child item speci?cation 
commitment 12 of FIG. 1): the child item speci?cation ID, 
revision, and its applicability policy (e.g., child item speci? 
cation commitment 12 of FIG. 1). An example of an applica 
bility policy may include a particular item speci?cation revi 
sion or a rule to resolve to the latest effective item 
speci?cation for that item’s speci?cation ID. This is done for 
each de?ned item usage Within the item structure. 

If the item speci?cation commitments are set to deep 76, 
the user is recursively presented With the option to select item 
speci?cation commitments for loWer level items Within the 
item structure by expanding the item structure level 77, based 
on the hierarchical commitments already made. Otherwise 
the item speci?cation process is complete. 
At block 78, if the item speci?cation is complete, the pro 

cess completes; otherWise, additional item usages are needed, 
and the user repeats the process starting at block 73. 

This process may be used to de?ne a neW item con?gura 
tion or to change an existing item de?nition. 

Users accessing the item speci?cation have direct access to 
the precise and complete information associated With the item 
speci?cation, Which may include: 
The item and item type; 
The item perspective; 
The related documents, based on the applicability policy 

(e.g., document relationship 9 of FIG. 1); 
the item structure; 
the item-structure commitments; and 
recursively, all items an item speci?cations is related to 

through the item usage relationship, the item-structure 
commitments, and the child item speci?cation commit 
ment based on the applicability policy (e.g., child item 
speci?cation commitment 12 of FIG. 1). 

Aspects of the subject matter described herein unify rep 
resentations aligned With different perspectives under a com 
mon item de?nition and facilitate reuse of existing items, item 
specs, and item structure. Process autonomy is enabled alloW 
ing each perspective to manage and control its item spec 
based on its speci?c processes and practices, With aWareness 
of dependencies betWeen different perspective’s item specs, 
While retaining traceability changes. 
As can be seen from the foregoing detailed description, 

there is provided aspects for de?ning, sharing, unifying and 
managing multiple representations of product de?nition in 
the context of business activities. While the subject matter 
described herein is susceptible to various modi?cations and 
alternative constructions, certain illustrated embodiments 
thereof are shoWn in the draWings and have been described 
above in detail. It should be understood, hoWever, that there is 
no intention to limit the claimed subject matter to the speci?c 
aspects described herein, but on the contrary, the intention is 
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to cover all modi?cations, alternative constructions, and 
equivalents falling Within the spirit and scope of the subject 
matter described herein. 

The methods described herein may be implemented by a 
computer executing instructions stored tangibly in a tangible 
computer-readable medium (Where the computer-readable 
medium does not include computer-readable mediums that 
are intangible, such as “signals.”) 
What is claimed is: 
1. At least one tangible computer-readable medium having 

a plurality of computer-readable data structures stored 
thereon, comprising: 

a plurality of items included on the at least one tangible 
computer-readable medium, the plurality of items rep 
resenting a plurality of co-existing perspective struc 
tures of items relating to product information, each item 
included on the at least one computer-readable medium 
comprised of one or more computer-readable item struc 
tures that de?ne subitems of the item; the item represent 
ing product information, a set of item speci?cations 
corresponding to the subitems, Wherein Zero or more 
item speci?cations exist Which correspond to each sub 
item, Wherein each perspective structure corresponds to 
a particular one of a plurality of co-existing perspectives 
and each perspective is indicative of process and prac 
tices to, during the lifecycle of a product to Which the 
product information pertains, control the items of the 
perspective structure corresponding to that perspective; 
and 

a set of commitment structures included on the at least one 

computer-readable medium, Wherein each commitment 
structure associates, for the context of the perspective in 
Which an item exists, each subitem for tWo or more item 
speci?cations With one of the tWo or more item speci? 

cations, 
such that When the item is processed by a computer, any 

item speci?cation associated With a subitem by a com 
mitment structure is determinable from the commitment 
structure. 

2. The at least one computer-readable medium of claim 1, 
Wherein the items are classi?ed by a plurality of data struc 
tures, tangibly embodied on the at least one computer-read 
able medium, each data structure that encodes a hierarchy 
representing a perspective structure of items relating to the 
product information. 

3. The at least one computer-readable medium of claim 1, 
Wherein an item speci?cation is related to a document based 
on an applicability policy that indicates that a speci?c revi 
sion or latest revision of the document is used in context of the 
item speci?cation. 

4. The at least one computer-readable medium of claim 1, 
Wherein each of the subitems are comprised of Zero or more 
computer-readable item structures tangibly embodied in the 
computer-readable medium that de?ne subitems of the sub 
items, Wherein the set of item speci?cations further corre 
sponds to the subitems of the subitems, Wherein Zero or more 
item speci?cations exist Which correspond to each subitem of 
the subitems, and Wherein the set of commitment structures 
further associates each subitem of the subitems for Which tWo 
or more item speci?cations exist With one of the tWo or more 
item speci?cations. 

5. The at least one computer-readable medium of claim 1 
Wherein the item represents a part, each item speci?cation 
represents a part speci?cation, and each subitem represents a 
component of the part. 

6. The at least one computer-readable medium of claim 1, 
Wherein the item represents a module, each item speci?cation 
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12 
represents a model speci?cation package, and each subitem 
represents a submodule of the module. 

7. The at least one computer-readable medium of claim 1, 
Wherein the set of commitment structures represents [a moti 
vation/reason/description/rationale for] hoW items in one 
item speci?cation are derived from items in another item 
speci?cation by storing relationships betWeen the item speci 
?cations. 

8. In a computing environment, a method of manipulating 
at least one tangible computer-readable medium, comprising: 

maintaining a plurality of items included on the at least one 
tangible computer-readable medium, the plurality of 
items representing a plurality of co-existing perspective 
structures of items relating to product information, 
Wherein each perspective structure corresponds to a par 
ticular one of a plurality of co-existing perspectives and 
eachperspective is indicative of process and practices to, 
during the lifecycle of a product to Which the product 
information pertains, control the items of the perspective 
structure corresponding to that perspective; 

editing a ?rst one of the items tangibly embodied on the at 
least one computer-readable medium that includes an 
item speci?cation and an item structure; ?nding a sec 
ond one of the items that already exists as being tangibly 
embodied on the at least one computer-readable 
medium, Wherein the second item is a component of the 
?rst item, and Wherein the ?rst item and the second item 
represent product information; 

adding a reference to the second item to the item structure; 
determining Whether additional quali?cation is needed to 

unambiguously specify the second item in context of the 
?rst item; and 

if the second item is associated With one or more speci? 
cations, selecting one of the one or more speci?cations 
for the context of the perspective in Which the second 
item exists to commit to such that the second item is 
unambiguously speci?ed in the context of the ?rst item, 
Wherein committing to the one of the one or more speci 
?cations includes establishing, in a computer-readable 
manner, that in the context of the perspective in Which 
the second item is being created, the selected one of the 
one or more speci?cations has a relationship to the ?rst 
item based on an applicability policy. 

9. A tangible computer-readable medium having com 
puter-executable instructions embodied therein con?gured to 
cause a computing system to maintain a structured item con 
?guration that accommodates item and relationship reusabil 
ity and multiple co-existing speci?cation perspectives, 
including to: 

maintain, on a tangible computer-readable medium, a plu 
rality of co-existing perspective structures of items relat 
ing to product information, Wherein each perspective 
structure corresponds to a particular one of a plurality of 
co-existing perspectives and each perspective is indica 
tive of processes and practices to, during the lifecycle of 
a product to Which the product information pertains, 
control the items of the perspective structure corre 
sponding to that perspective; 

create a second item, on a tangible computer-readable 
medium and in the context of one of the plurality of 
co-exi sting perspectives, including creating a computer 
readable item structure for the second item that refer 
ences a ?rst item in the structure for that one perspective; 

determine Whether the ?rst item includes multiple item 
speci?cations; and 

if the ?rst item includes multiple item speci?cations, com 
mit in the computer-readable item structure for the con 
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text of the perspective in Which the second item is being 
created to one of the multiple item speci?cations of the 
?rst item, Wherein committing in the computer-readable 
item structure to the one of the multiple item speci?ca 
tions of the ?rst item includes establishing, in a com 
puter-readable manner, that in the context of the per 
spective in Which the second item is being created, the 
second item has a relationship to the one of the multiple 
item speci?cations of the ?rst item based on an applica 
bility policy. 

10. The computer-readable medium of claim 9, Wherein the 
product information includes a process associated With a 
product. 

11. The computer-readable medium of claim 9, Wherein the 
?rst item and the second item are classi?ed by an item type 
that is part of a hierarchical classi?cation system. 

12. The computer-readable medium of claim 9, Wherein the 
item speci?cation is classi?ed by a perspective that comprises 
one or more of marketing, sales, accounting, management, 
maintenance, design, manufacturing, engineering, research, 
procurement, quality, and analysis. 

13. The computer-readable medium of claim 9, Wherein 
establishing, in a computer-readable manner, that the second 
item has a relationship to the one of the multiple item speci 
?cations of the ?rst item based on an applicability policy 
includes updating a data structure to indicate the relationship 
and the applicability policy. 
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14. The computer-readable medium of claim 13, Wherein 

the applicability policy indicates that a latest revision of the 
one of the multiple item speci?cations is used in context of the 
item. 

15. The computer-readable medium of claim 13, Wherein 
the applicability policy indicates that a speci?ed revision of 
the one of the multiple item speci?cations is used in context of 
the item. 

1 6. The computer-readable medium of claim 9, Wherein the 
?rst item exists in the computer-readable item structure pre 
vious to creating the second item and Wherein adding a sec 
ond item to the item structure, comprising reusing the ?rst 
item. 

17. The computer-readable medium of claim 9, further 
comprising creating the second item in the computer-read 
able item structure prior to adding it to the item structure. 

18. The computer-readable medium of claim 9, Wherein 
committing to one of the multiple item speci?cations of the 
?rst item comprises committing, by establishing in a com 
puter-readable manner, to an item speci?cation from the ?rst 
item or from items that comprise the ?rst item. 

19. The computer-readable medium of claim 9, further 
comprising creating, in a computer-readable manner, a trace 
ability relationship betWeen items to indicate that one item is 
derived from another item. 
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